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EPHEMERIS OF SATELLITE 1957 ALPHA 2 

Satellite 1957 Alpha 2 (Sputnik I) was launched by the USSR on October 4, 1957, and 
transmitted radio signals during most of the interval f rom October 4 to October 25, 1957. 
The Alpha 2 signals a r e  exceptionally interesting for ionospheric investigations because 
they were transmitted at the relatively low frequencies of 20 and 40 megacycles. The 
present ephemeris has been prepared for  use in these investigations at the request of the 
Working Group on Satellite and Ionospheric Measurements of the U.S. National Committee 
for the IGY, pending release of an official 1957 Alpha 2 ephemeris by the USSR. 

The ephemeris is based on a combination of minitrack observations and lllinois Uni- 
versity interferometer data. Mr. J.  T. Mengel of Project Vanguard provided the mini- 
track data, which were used for the determination of initial approximations to the 
eccentricity and the perigee altitude. The Illinois University interferometer observations 
w e r e  obtained from Prof. G. Swenson. These give the t imes of crossing of the 40' North 
latitude and the corresponding longitudes at  those times, and were the basis  for  the deter- 
mination of the orbital period and for minor improvements in the approximations to the 
remaining orbit elements. 

The period of the observations is divided into four sections represented by indepen- 
dent s e t s  of orbit elements. Each set of orbit elements has been adjusted to give optimum 
agreement with the Illinois observations for  the corresponding interval. A l ist  of the 
elements appears in Table 1. The variations in this table are a measure of the probable 
e r r o r s  in the determination of the orbit elements. 

'Ribles 2 and 3 l ist  the differences between the ephemeris and the observations with 
respect tu iiie iime of ci-ossii-ig the 10' ?Twth p r a l l ~ 1  nf latihide, and the longitude at the 
time of latitude crossing. The residuals in crossing time have a mean value of 1 second, 
corresponding to a n  e r r o r  of 8 kilometers along the satellite track. The mean residual in 
longitude is 0.15', corresponding to a displacement of 10 kilometers in satellite position 
at  40' North latitude. The perigee altitudes deduced f rom the minitrack data have a 
probable e r r o r  of 10 km. The positional error in the ephemeris is therefore approxi- 
mately 10 kilometers in all directions. 

We wish to thank Mr .  Mengel and Prof. Swenson for their kindness in furnishing the 
records and data used on our calculations. We are also grateful to  Mr. William F. Cahill 
f o r  the preparation of the IBM 704 programs required in the construction of this ephemeris, 
to Mr .  Joseph Wegstein for his collaboration in writing the earlier forms of these programs, 
to Mr .  Clarence Wade, Jr., for his assistance in executing the machine calculations, and to 
the Applied Mathematics Division of the National Bureau of Standards for i ts  cooperation 
in providing the operating s ta f f  and IBM 704 facilities. 
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Table 1 
Orbit Elements Used in the Generation of the Ephemeris 

Ephemeris Section 

Time: October 1957 5 13 30 01 12 13 34 48 17 01 49 19 2 1  01 29 38 
Period: (Min.) 96.160 95.920 95.748 95.588 

Inclination: 65'. 1 65O.3 65O.2 650.0 
Perigee: (st. mi.) 151.5 145.5 143.6 140.3 

Argument of Perigee: 50O.5 48'. 62 47O.40 46O.33 

Motion of Perigee: - '.27/day - '.27/day - '.27/day - '.27/day 

Motion of Node: -3'. 19/day -3'. l7/day - '. 16/day - '. ll/day 

Table 2 
Comparison of the Ephemeris with Observations: 

Southbound Passes 

3bserved Time 
(October) 

d h m  s 

6 13 32 13 
7 13 33 55 
8 13 35 09 

10 13 36 01 
11 13 35 41 
12 11 58 50 
12 13 34 48 
13 11 57 28 
14 11 55 31 
15 10 17 11 
15 11 53 00 
16 10 14 09 
16 11 49 55 
17 10 10 31 
17 11 46 15 
18 10 06 18 
18 11 42 00 
19 10 01 29 
20 09 56 04 
21 09 50 02 
22 09 43 22 
23 08 00 34 
23 08 00 34 
24 07 52 41 
24 09 28 08 
25 07 44 08 

0 - c  
Seconds of Time 

-1 
-2 
-1 
0 

+ 2  
-1 
0 

-2 
-3 
-3 
-3 
-2 
-2 
0 
0 
0 
0 
0 
0 

+3 
+2 
+1 
+1 
+1 
+1 
+1 

0 - c  
Degrees of Longitude 

- -07 
- .13 
- .17 
- .29 
- 1.83 
-0.38 
0 

- .04 
- .08 
- .09 
- .10 
- .13 
- .13 
+ -01 
+ .33 
+ .31 

0 
0 
0 

- .02 
+ .04 
+ .09 
+ .09 
+ .15 
+ .13 
+ .18 



SATELLITE 1957 ALPHA 2 EPHEMERIS 

Each section of the ephemeris is arranged in a 
table of five columns listing time in days, hours, min- 
utes and seconds; altitude of the satellite a b  o v e the 
geoid in statute miles; geocentric latitude of the sub- 
satellite point in degrees and decimal fractions of a 
degree; longitude of the subsatellite point in degrees 
and decimal fractions of a degree; and half-revolutions 
completed by the satellite, numbered from the begin- 
ning of each section. 
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Table 3 
Comparison of the Ephemeris with Observations: 

Northbound Passes  

Observed Time 
(0 ctob e r  ) 

d h m  s 
7 05 10 56 
10 03 37 33 
11 03 37 25 
12 03 36 44 
13 01 59 38 
13 03 35 32 
14 01 57 54 
14 03 33 46 
15 01 55 36 
15 03 31 26 
16 01 52 45 
17 01 49 19 
18 01 45 18 
19 01 40 40 
19 23 59 50 
20 01 35 28 
20 23 54 03 
21 01 29 38 
21 23 47 38 
22 01 23 11 
22 23 40 36 
23 01 16 06 
23 23 32 55 
24 01 08 23 
24 23 24 36 
25 01 00 01 
25 23 15 37 

0 - c  
Seconds of Time 

-2 
+1 
+2 
+1 
+1 
+1 
0 
0 
-1 
-1 
0 
0 
0 
0 

+1 
+1 
+ 1  

0 
0 
0 
0 

-1 
0 
0 

+1 
0 
0 

0 - c  
Degrees of Longitude 

+ .54 
+ .95 
+ .44 
+ .29 
+ .13 
+ .13 
0 
0 

- .13 - .15 
- .25 

- .ll 
- .20 
- .06 
- .03 
- .38 

0 

0 
- .05 
- .04 
- .07 
- .10 
- .ll 
- .10 - .16 
- .16 
- .21 
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